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Since the first report (1) in five patients with chronic re•
current ventricular tachycardia demonstrating that the ar•
rhythmia could be reproducibly initiated and terminated dur•
ing programmed stimulation of the heart, a very large and 
important body of information dealing with this subject has 
appeared. While the application of programmed cardiac 
stimulation to assist in the management of patients with 
ventricular tachycardia continues to develop, and some as•
pects of its application remain controversial, there is now 
a body of consistent observations that make it possible to 
consider what a minimally acceptable clinical electrophys•
iologic study should be. Because of the important and ex•
panding use of electrophysiologic testing in patients, the 
North American Society of Pacing and Electrophysiology 
thought it timely to recommend minimal standards for elec•
trophysiologic studies in patients who present with ventric•
ular tachycardia, Therefore, the Society held a policy con•
ference on this subject in Toronto, Canada on May 8, 1985, 
with experts from around the world participating, After an 
initial presentation on each of the components of this subject 
by Dr. Pedro 8rugada (University of Limburg, Maastricht, 
The Netherlands), a thorough discussion was held and a 
consenus achieved. The following represents the formal re•
port of this meeting and constitutes the Society's current 
recommendations concerning the minimally appropriate 
eiectrophysiologic study for patients who present with doc•
umented, sustained, monomorphic ventricular tachycardia. 
The recommendations are provided in an effort not only to 
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establish adequate standards for quality and patient safety 
in performing the procedure, but also to educate the prac•
ticing medical community about what constitutes an ade•
quate study. 
Perspective and Limitations 
This policy conference focused on the initial electro•
physiologic assessment of adult patients who present with 
documented, sustained, monomorphic ventricular tachycar•
dia. Therefore, the recommendations are limited to these 
patients and do not consider patients who present with doc•
umented ventricular fibrillation or polymorphic ventricular 
tachycardia, including torsade de pointes. Similarly, these 
recommendations do not address issues such as a minimally 
acceptable study for testing adequacy of therapy of ven•
tricular tachycardia, It also should be emphasized that the 
recommendations do not present the ideal electrophysiologic 
study for the category of patient just described. Rather, they 
are recommendations for the initial, minimally acceptable 
study, Although the recommendations reflect considered 
opinion at the time of the policy conference, periodic re•
evaluation will be necessary because it is anticipated that 
some recommendations will change with time, particularly 
with the predictable evolution of new observations, tech•
niques and technologies. 
Definitions of Induced Ventricular 
Rhythms or Beats (Based on Surface 
Electrocardiographic Leads) 
Sustained ventricular tachycardia. Ventricular tachy•
cardia lasting 30 seconds or more or clinically requiring 
intervention to terminate the tachycardia. 
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Nonsustained ventricular tachycardia. Ventricular 
tachycardia lasting at least six beats up to but not including 
30 seconds, tenninating spontaneously and not requiring 
intervention on a clinical basis. 
Monomorphic ventricular tachycardia. Ventricular 
tachycardia with stable configuration of the QRS complexes 
in at least three simultaneously recorded electrocardio•
graphic leads, with a constant relation of inscription of the 
QRS complexes in the three recorded leads, 
Multiple monomorphic ventricular tachycardias. 
Two or more monomorphic ventricular tachycardias in the 
same patient. The use of the term pleomorphic ventricular 
tachycardia is discouraged. 
Polymorphic ventricular tachycardia. Ventricular tach•
ycardia with an unstable (continuously varying) QRS com•
plex configuration in any recorded electrocardiographic lead, 
Ventricular fibriilation. A ventricular tachyarrhythmia 
with absence of clearly defined QRS complexes in the body 
surface electrocardiogram, It may be indistinguishable from 
sustained polymorphic ventricular tachycardia in some cases, 
Single ventricular response. One nonstimulated ven•
tricular beat in response to a paced premature beat or beats, 
Repetitive ventricular responses. Two to five nonstim•
ulated ventricular beats in response to a paced premature 
beat or beats, 
Bundle branch reentrant beat. Difficult to distinguish 
from a single ventricular response, An attempt to differ•
entiate between them can be made by using the definition 
and techniques described by Akhtar et a!. (2), 
Electrophysiologic Study 
The Baseline State 
The procedure should be performed when the patient is 
in a stable, postabsorptive state, Serum electrolytes should 
be nonna!. If discontinuation of antiarrhythmic drugs is 
indicated to achieve a baseline state, they should be dis•
continued for at least four half-lives before the study, Blood 
should be obtained for drug assay if clinically indicated, 
The use of local anesthesia should be restricted to that re•
quired for analgesia to avoid therapeutic blood levels that 
might affect tachycardia induction, If lidocaine is used as 
a local anesthetic agent, a 0,5 or 1 % solution is suggested, 
and assay of lidocaine serum levels should be obtained, if 
appropriate, 
Recordings 
Electrocardiographic leads. Continuous recording of a 
minimum of three body surface electrocardiographic leads 
is required to pennit assessment of the QRS configuration 
in three planes, Recording electrocardiographic leads I, aVF 
or II and V I is recommended, During any episodes of ven-
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tricular tachyarrhythmia that occur during the study, it is 
strongly recommended that a 12 lead electrocardiogram be 
obtained, Standard filter settings should be used during these 
recordings, that is, a high pass filter of 0, I Hz or less and 
a low pass filter of 200 Hz or more, It is recognized that at 
the frequency of the power source (50 or 60 Hz), interfer•
ence may be a problem during recording of electrocardio•
graphic leads, and it is recommended that a careful search 
be made to eliminate this interference, If the interference 
remains and does not represent a shock hazard to the patient, 
it is recommended that it be eliminated from the recording 
using an appropriate 60 Hz notch filter (for example, 50 or 
60 Hz). If the low pass filter is set at 50 Hz, the recorded 
electrocardiogram will be somewhat distorted. 
Electrograms. Using appropriate standard electrodes, 
intracardiac signals (electrograms) should be recorded from 
the right ventricle, His bundle region and right atrium. It 
is suggested that the atrial recording site be selected to avoid 
a prominent ventricular potential in the recorded electro•
gram. The right ventricular endocardial recording site should 
be closely adjacent to the intended site of stimulation in the 
right ventricle. Thus, a quadripoJar electrode should be used. 
For atrial recording and pacing purposes, it is also suggested 
that a similar electrode be used in the right atrium. The high 
pass filter for intracardiac recordings should be 10 to 50 Hz 
and the low pass filter should be 250 to 500 Hz. In some 
instances (for example, during atrial fibrillation) a low pass 
filter setting of 100 Hz in the His recording may improve 
appreciation of the His potentia!. 
Recording of other variables. Recording of a time mark 
at short intervals, preferably every \0 ms is strongly rec•
ommended to permit accurate measurement of electrophys•
iologic intervals. The ability to monitor systemic blood pres•
sure should be available and used at the discretion of the 
study physician. 
Display of recordings. All recordings should be dis•
played continuously in real time on an oscilloscopic mon•
itor. Continuous recording of the entire study is regarded 
as mandatory. If a tape recorder is not available for this 
purpose, suitable adjustment of paper recording speed for 
continuous recording should be made. 
Measurements. Measurements are best made from re•
cordings obtained at a paper speed of 100 mmls. On oc•
casion, some measurements (for example, QT interval) may 
be better made at slower (50 mmls) recording speeds. 
Stimulus Characteristics of the 
Programmable Stimulator 
The stimulus duration should be between I and 2 ms, 
and the stimulus strength should be at least twice diastolic 
threshold. Bipolar pacing is preferred to unipolar pacing to 
minimize distortion of the recorded signals characteristic of 
unipolar pacing. 
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Tachycardia Induction 
Programmed stimulation protocol. A programmed 
stimulation protocol that yields a 90% sensitivity for in•
duction of ventricular tachycardia in patients with prior myo•
cardial infarction is minimally acceptable. The details of 
the programmed stimulation protocol, therefore, may vary 
from laboratory to laboratory as long as this qualification is 
met. It is recognized that the sensitivity of the programmed 
stimulation protocol will be lower in patients who present 
with sustained monomorphic ventricular tachycardia and 
either nonischemic heart disease or no clinically apparent 
heart disease. Examples of an adequate programmed stim•
ulation protocol are introduction of single, double and triple 
ventricular extrastimuli to scan diastole after delivering a 
basic drive train utilizing: I) at least two drive train cycle 
lengths at each of two ventricular sites, usually the right 
ventricular apex and right ventricular outflow tract; or 2) at 
least three drive train cy~le length~ at the right ventricular 
apex. When use of more than one drive train becomes nec•
essary in an attempt to induce ventricular tachycardia, the 
rate of each drive train should differ by at least 20 beats/min. 
Additional pacing sites, including left ventricular sites, should 
be considered if clinically appropriate and associated with 
an acceptable risk/benefit ratio. 
The standard basic drive train before introduct{o'l of 
premature beats consists of eight captwed beats. A pre•
mature ventricular beat or beats should be introduced after 
a minimum of six consecutive captured beats of the ~asic 
drive train or after an eight beat train of ~pontaneous b~at~. 
Premature ventricular beats, in general, should be intro•
duced to scan diastole in intervals of no more than 20 m~, 
with the first test stimulus (premature beat) introduced rel•
atively late in diastole (approximately 50 ms less than th~ 
basic drive or spontaneous cycle length). The pause betweer 
successive trains should be sufficiently long to observe the 
effects of pacing. The use of asynchronized rapid burst 
pacing in an attempt to induce ventricular tachycardia sh04ld 
be discouraged, but synchronized burst pacing may occa•
sionally be useful. If ventricular tachycardia is induced, it 
is recommended that attempts be made to duplicate the 
arrhythmia at least twice, if clinically appropriate. 
Atrial pacing. For all studies. it is recommended that 
atrial pacing be performed to assess atrioventricular (AVJ 
conduction. Thus, rapid atrial pacing at incrementally faster 
rates should be performed to determine at what rate A V 
nodal Wenckebach conduction is achieved. Also, premature 
atrial beats should be introduced to scan atrial diastole after 
delivering a basic atrial drive train utilizing at least two 
basic drive train cycle lengths. In addition, if ventricular 
tachycardia was not induced despite utilizing an adequate 
programmed ventricular sti!llulation protocol, an atrial pac•
ing study that includes this atrial pacing protocol but also 
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the introduction of two premature atrial beats at selected 
intervals should be performed. 
Tachycardia Termination 
The preferred mode of termination of the tachycardia 
depends on the induced arrhythmia and its hemodynamic 
consequences. If the arrhythmia is well tolerated, it's ter•
mination should be attempted using a synchronizing circuit 
allowing the delivery of programmed stimuli during the 
tachycardia. Two methods are recommended. In one method, 
a ventricular stimulus is introduced late in diastole and the 
coupling interval of the stimulus is serially decreased by 
small intervals until either the tachycardia is terminated or 
ventricular refractoriness is reached. If one stimulus is un•
successful, two or more stimuli should be introduced. In 
the second method, a short, preferably synchronized burst 
of stimuli to achieve 6 to 15 captured beats is introduced 
at a rate critically faster than the tachycardia rate. If the 
initially selected rate is ineffective, other, usually faster rates 
may be required. The second method more frequently results 
either in the acceleration of the ventricular tachycardia rate 
or the deterioration of the rhythm to ventricular fibrillation, 
or both. 
Cardioversion or defibrillation. During these attempts 
to terminate ventricular tachycardia, if hemodynamically 
unstable ventricular tachycardia or ventricular fibrillation 
occurs, the tachyaqhythmia should be directly terminated 
by direct current cardioversion or defibrillation. Similarly, 
if programmed stimulation induces hemodynamically un•
stable ventricular tacpycardia and overdrive pacing does not 
result in termination of the tachyarrhythmia, it should be 
interrupted promptly by direct cuft-ent cardioversion. 
Personnel 
Four trained individuals including one or, preferably, two 
physicians intimately familiar with the electrophysiologic 
study are the minimal number of persons required to be 
available during electrophysiolQgic studies. 
Minimal Equipment Required 
Recorder. A multichannel recorder with the capability 
of &imultaneously recording on line at least eight data chan•
nels (to accommodate all the recommended recordings) should 
be ijsed. The recorder should be capable of printing all the 
data at several recording speeds, one of which should be 
100 mrnls. It should be possible to record all data contin•
uously, either on paper or, preferably, using a tape recorder. 
A time marker with the capability of generating time lines 
at selected intervals, one of which is, preferably, 10 ms, 
should be used with all recordings. 
Stimulator. The stimulator used should have the ca•
pability of adjustable stimulus strength and a I to' 2 ms 
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stimulus duration. It should also be able to: 1) sense spon•
taneous rhythm and deliver stimuli at selected intervals both 
for tachycardia initiation and termination purposes; and 2) 
deliver at least up to three programmed extrastimuli after a 
paced train of beats or during a spontaneous rhythm. 
External cardioverter-defibrillator. All electrophysi•
ology laboratories must be equipped with at least one direct 
current cardioverter-defibrillator. Furthermore, it is strongly 
recommended that easy and rapid access to a second direct 
current cardioverter-defibnllator be available. This equip•
ment must be checked without fail before initiation of each 
study. 
Other equipment essential for cardiac resuscitation should 
be available in the electrophysiology laboratory, including 
emergency cardioactive drugs and endotracheal tubes, as 
recommended by the American Heart Association (3). 
Electrical isolation and grounding of equipment. For 
all equipment using alternating current sources, adequate 
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electrical isolation must be used. All electrical equipment 
should be properly isolated or grounded, or both, meeting 
the standards recommended by the American Heart Asso•
ciation (4). 
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